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The S— wave Att phase shift is not large 
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We study the strong interaction S-wave Att phase shift in the region of the H mass in the framework 
of a relativistic chiral unitary approach based on coupled channels. All parameters have been 
previously determined in a fit to strangeness S = — 1 S-wave kaon-nucleon data. We find 0° < 5o < 
1.1° in agreement with previous chiral perturbation theory calculations (or extensions thereof). We 
also discuss why a recent coupled channel K-matrix calculation gives a result for 5o that is negative 
and much bigger in magnitude. We argue why that value should not be trusted. 



PACS numbers: 13.75.Gx, 13.30.Eg, 12.39.Fe 
1. Direct CP violation can be measured in the decay 
S Att pirir (for a recent experiment, see [Q). To 
extract the CP violating phase, one has to know the 
strong Att S- and P-wave phase shifts at the mass of 
the cascade, denoted Sq and 5i, respectively. While ear- 
lier calculations were inconclusive on the value of 
5q, a leading order heavy baryon chiral perturbation the- 
ory (HBCHPT) analysis led to a vanishing S-wave phase 
shift Q and corrections including excited S intermediate 
states were shown to give a bound of (5o - 0.5° |,|. Rel- 
ativistic tree level calculations have also been performed, 
leading to a somewhat larger band of values for Sq, but 



stih \6o\ < 2° 



A more recent calculation using also 



dimension two operators |g| with the corresponding low- 
energy constants fixed from kaon-nucleon scattering |^ 
gave the range -3.0° < ^0 < +0.4° .0 In that paper, the 
effect of channel coupling was also investigated, based 
on the observation that in SU(3), the Att state is cou- 
pled to the Stt, NK, Ery and EK states with strangeness 
5 = — 1 and isospin 7 = 1. A K-matrix approach was 
used to calculate the channel coupling effects and a sur- 
prisingly large Sq ~ —7° was found. The authors of 
ref. ||] have been careful to point out that more refined 
coupled channel calculations based on chiral perturba- 
tion theory (CHPT) are necessary to further clarify this 
surprising result. We have recently presented a novel rel- 
ativistic chiral unitary approach based on coupled chan- 
nels [ pT| . Dispersion relations are used to perform the 
necessary resummation of the lowest order relativistic 
chiral Lagrangian. Within this framework, the S-wave 
kaon-nucleon interactions for strangeness S = —1 were 
studied and a good description of the data in the K^p, 
ttE and ttA channels (cross sections, threshold ratios, 
mass distribution in the region of the A(1405)) was ob- 
tained. This method can be systematically extended to 
higher orders, emphasizing its applicability to any sce- 
nario of strong self-interactions where the perturbative 
series diverges even at low energies. It is straightforward 



*Note that the parameters obtained in ^ need to be taken 
with some care since the important r] channels were not con- 
sidered, as stressed in [ p^ . 



to project out the Att —> Att amplitude from our coupled 
channel solutions and extract in a parameter-free man- 
ner the corresponding S-wave phase shift. This is done 
here. To close the introduction, we remark that our ap- 
proach can also be used to calculate the P-waves. Since 
there is no discrepancy in the corresponding predictions 
for we focus here entirely on the S-wave. 

2. We briefly summarize our calculational scheme, for 
details see It is based on the fact that unitarity, 

above the pertinent thresholds, implies that the inverse 
of a partial wave amplitude satisfies 



Im T-\W)., 



(1) 



where pi = qi/{8nW), W — ^/s the centre-of-mass (cm) 
energy, qi is the modulus of the cm three-momentum and 
the subscripts i and j refer to the physical channels. The 
Att states couple strongly to several channels. To be con- 
sistent with lowest order CHPT, where all the baryons 
belonging to the same SU(3) multiplet are degenerate, 
one should consider the whole set of states: K~p (1), 
K°n (2), ^OS" (3), TT+E- (4), (5), tt^A (6), r,A (7), 

?7E° (8), K+E (9), K°E° (10), where between brackets 
the channel number, to be used in a matrix notation, 
is given for each state. The unitarity relation in eq.(|l|) 
gives rise to a cut in the T-matrix of partial wave ampli- 
tudes which is usually called the unitarity or right-hand 
cut. Hence we can write down a dispersion relation for 
T^^{W), in a fairly symbolic language: 
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where Si is the value of the s variable at the threshold 
of channel i and T~^{W)ij indicates other contributions 
coming from local and pole terms as well as crossed chan- 
nel dynamics but without right-hand cut. These extra 
terms will be taken directly from CHPT after requiring 
the matching of our general result to the CHPT expres- 
sions. Notice also that the negative of the quantity in 
the curly brackets, denoted g{s)i from here on, is the 
familiar scalar loop integral 
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where and are, respectively, the meson and baryon 
masses in the state i. Notice that in order to calculate 
f/(s)i, we are using the physical masses both for mesons 
and baryons since the unitarity result in eq.(|l|) is ex- 
act. In the usual chiral power counting, g{s)i is 0{p) 
because the baryon propagator scales as 0{p~^). Let us 
note that the important point here is to proceed system- 
atically guaranteeing that T is free of the right-hand 
cut and matching simultaneously with the CHPT ex- 
pressions. We can further simplify the notation by em- 
ploying a matrix formalism. We introduce the matrices 
g{s) = diag {g{s)i)^ T and T, the latter defined in terms 
of the matrix elements Ty and Tij . In this way, from 
eq.(Q), the T-matrix can be written as: 



T{W) = [I + T{W)-g{s)]-' -TiW) 



(4) 



In this short note, we are considering the lowest order 
(tree level) CHPT amplitudes as input. Hence, expand- 
ing the previous equation, our final expression for the 
T-matrix, taking as input the lowest order CHPT re- 
sults, has the form 



T{W) = [I + T^{W)-g{s)] ^-T^iW) 



(5) 



For more details on this formalism, we refer to refs. 
[0,^. We only want to remark that this approach is 
not just a unitarization scheme, like e.g. the K-matrix 
approach. The latter is, however, included as one par- 
ticular approximation as discussed below. 

3. Using the lowest order relativistic (tree level) 
CHPT amplitudes for (piBa 4'jBb as input, where 
[Ba] denotes a member of the Goldstone boson 
(ground state baryon) octet, one obtains a very 
good description of the scattering data for K~p — > 
K-p,K°7i,TT+T.- ,TT-T.+ ,Kti° ,TPtt° (for kaon lab mo- 
menta below 250 MeV), the so-called threshold ratios 
7, Rc and the K~p scattering length and the tt+E^ 
event distribution in the region of the A(1405) in terms of 
three parameters (using fixed axial couplings, D — 0.80 
and F — 0.46 [^). These are the baryon octet mass in 
the chiral limit, toq, the chiral limit value of the three- 
flavor meson decay constant^ a-nd the subtraction 



^We remark that there are some indications that the order 
parameter of chiral symmetry breaking, Fq, decreases size- 
ably when going from the two to the three-flavor sector, see 
e.g. M. 



constant a{p), cf. eq.(^. Note that it was shown in ||T^ 
that it suffices to take only one subtraction constant for 
all channels, thus the subscript "«" appearing in eq.(^) 
for these constants will be dropped out. In ref. we 
considered two sets of parameters, set I describing the 
best fit and set II using the so-called natural values (as 
discussed in that paper). The pertinent numbers are for 
set I: mo = 1.286 GeV, Fq = 74.1 MeV, a{n) = -2.23, 
and for set II: mo = 1.151 GcV, Fq = 86.4 MeV, a{^i) = 
—2 at the scale /i — 630 MeV. Of course, physical ob- 
servables are scale-independent. It is now straightfor- 
ward to extract the Att phase shift as shown in fig. 1 by 
the solid line (set I) and the dashed line (set II). The 
corresponding phases at the mass of the S° and the S~ 
are: 



set I : (5o(mHo) = 0.10° ,<5o(mH-) = 0.16° 
set II : (5o("iHo) 0.92° ,(5o("^H-) = 1-11° 



(6) 



consistent with earlier CHPT findings y-|8|. We should 
stress that set I gives the better fit in the KN sector and 
should be preferred. 
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FIG. 1. The Att phase shift in degrees versus the cm en- 
ergy, W = -Eait. The various lines are explained in the text. 

It is important to understand the large result obtained 
in the K-matrix formalism |^ . The K-matrix approach 
is one particular approximation to our scheme in that 
ones sets 
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-ip{s)i 
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Notice that —p{s)i, above the threshold of channel i, is 
the imaginary part oi g{s)i, cf. eq.(||). In order to see the 
importance of keeping the whole g{s)i function, compare 
the dashed and dotted-dashed lines in fig.l. The latter 
is obtained for set II by making use of eq.(|) but using 
the approximation given in eq.(0) to the g{s)i function. 
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The differences are liuge and for the second case the re- 
sults are similar to the findings of ref. js). In fact, we 
can reproduce the results for their K-matrix calculation 
by means of eq.(^ by considering only the dominant 
non-relativistic seagull (Weinberg- Tomozawa) term to 
the tree level meson-baryon scattering and the K-matrix 
representation of the g{s)i function. This is given by the 
dotted line in fig. 1. All these large differences nicely 
show that it is not sufficient to account only for the 
imaginary part of the scalar loop functions via unitar- 
ity but that a proper treatment of the real part by an 
appropriate dispersion relation is of equal importance. 
Consequently, the large and negative value for (5o — — 7° 
of ref. can be ruled out and is just a result of the 
simple representation of the function g{s)i used in that 
reference. This is, by far, not sufficiently accurate for 
this case and the full relativistic expression for g{s)i, cf. 
eq.(||), has to be used. Furthermore, the phases are sen- 
sitive to Fq and niQ. We conclude from our approach 
that indeed Sq is narrowly bounded. 



0° <Sq< 1.1" 



(8) 



and that the large value found in the K-matrix approach 
should not be used. 

4. In summary, we have used a relativistic chiral unitary 
approach based on coupled channels to investigate the 
strong S-wave Att phase shift in the region of the S. 
All parameters have been previously determined from a 
good description of the kaon-nucleon data |ll] and thus 
we arrive at a small band of values for ^o, cf- eq.(^. This 
number is consistent with earlier findings in CHPT (or 
extensions thereof) We have also shown why the 

K-matrix approach of ref. ||^ leads to a large value of Sq 
and why this number should not be trusted. The strong 
Att S-wave phase in the region of the cascade mass is 
indeed small. 
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